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                                             ABSTRACT 
 
Billa, Anka Babu. M.S., Department of Computer Science and Engineering, Wright State 
University, 2017. Development of an Ultra-Portable Non-Contact Wound Measurement 
System. 
 
Continuous monitoring of changes in wound size is key to correctly predict whether 
wounds will heal readily with conventional treatment or require more aggressive treatment 
strategies. Unfortunately, existing wound measurement solutions don’t meet the clinical demand 
due to their limitations in accuracy, operating complexity and time, acquisition and operation cost, 
or reproducibility, resulting in unnecessarily lengthy recovery or extra treatment procedures, 
incurring an excessively high financial cost, and in many cases extended usage of addictive 
painkillers. In this thesis, we proposed and developed a low cost, a portable non-contact solution 
that combines multi-spectral imaging and a portfolio of imaging processing technologies to enable 
automatic and instantaneous wound identification and measurements. It provides full 
measurements of a wound: surface area, perimeter, length, and width, without requiring the 
calibration process as other existing photogrammetry or laser solutions. We have developed a 
prototype system that illustrates our image and wound analysis capabilities using off-shelf sensor 
units for capturing images. Our system is capable of identifying emulated wounds in any part of 
human body surface automatically and highlights them on a customized GUI instantly. Image 
processing engine running in background analyze and computes wound dimensions with an 
accuracy of 95%. Our experiment results indicated that the system is reliable, consistent, accurate 
and reproducible. 
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This research has recently been selected to the 2017 I-Corps@Ohio program, a statewide 
program to assist faculty and graduate students from Ohio universities and colleges in 
validating the market potential of their technologies and assisting with launching startup 
companies.  
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CHAPTER 1: INTRODUCTION 
 
1.1 Importance of Wound Care 
 
There are numerous factors which can affect healing of a wound. It may be due to 
the nature of the wound, environmental exposure, severity or person’s health condition. 
They must be addressed by health care professional promptly; otherwise, they might get 
infected and turn into diseases such as diabetes [1].     
Early assessment of wound provides valuable information about the status of the 
wound, assists in figuring out the appropriate treatment process to be followed, estimating 
the time for different stages of wound healing, and assessing the effectiveness of treatment. 
Particularly, continuous monitoring of healing process at every stage is key to assess 
whether the prescribed treatment is effective or more aggressive treatment plan is required. 
Designing the right treatment plan at the early stage prevents the lengthy recovery and 
additional treatment strategies to be followed. It also avoids the excessive usage of 
addictive painkillers and incurring high health care cost. Continuous assessment, 
measurement, and documentation of wound size not only serve as a primary indicator of 
healing but is also required for insurance/CMS payments. It helps to determine appropriate 
interventions to be made at each stage. Accurate measurement and thorough maintenance 
of wound documentation serve as a patient record of treatment provided, the status of the 
wound and other required information.  
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1.2 Existing Practices 
 
It was demonstrated that there exists a strong connection between the reduction in 
wound area and outcome of treatment. Percentage reduction in the area of the wound in the 
initial weeks was used as an indicator of treatment efficiency. Usually, the healing function 
was denoted against the percentage in contrast to the change in the area of the wound. 
Healing and non- healing wounds are distinguished based on the initial healing rate of the 
wound. This initial healing rate can be used as a function to measure the time required to 
total healing of the wound.  
As of today, there was no standardized method for wound estimation and 
documentation. Multiple techniques have been proposed ranging from simple to complex, 
high to the low cost which can be applied in fixed hospital environment [2]. Measurement 
techniques include ruler measurements, acetate tracings/contact planimetry, digital 
planimetry and structured light devices, and etc. However, employing particular technique 
depends on the financial resources of the institution and may vary from clinic to clinic. As 
only consistent and accurate of wound measurements reflect the true healing nature, it 
requires wound measurement methods with high reliability and accuracy. Unfortunately, 
existing wound measurement solutions don’t meet these demands due to their limitations 
in accuracy, operating complexity and time, acquisition and operation cost, or 
reproducibility. 
1.2.1 Ruler Technique 
 
The ruler method is traditional, but still the most widely used technique in practices 
currently. Using this method, wound area is calculated as greatest length times the 
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perpendicular width measurements [2]. Since the wounds often take irregular geometric 
shapes this technique’s accuracy is limited to rectangular wounds. The measurements of 
surface area taken with a ruler or linear method overestimated the size of a wound by 10% 
- 40% [2]. Moreover, it becomes increasingly difficult when measuring more irregular 
shaped and larger wounds as shown in Fig. 1.1.  
 
Figure 1.1 Ruler Technique 
In contrast to traditional width x length measurement, another approach has been 
proposed to measure wounds with an elliptical shape. The formula used to calculate the 
area of such wounds is given as below. 
                                Area (mm2) = length (mm) x width (mm) x π x 0.25 
The method using the elliptical formula for wound area calculation was evaluated 
in [2] for its reliability and integrity. Studies carried out by Bowling et al[11] and Shaw et 
al.[12] Bowling et al[11] (n = 76) compared manual approximation of wound size versus 
digital planimetry. The results reflect a strong correlation between the 2 techniques. The 
study dealt largely with ulcers < 5cm2. The authors have also acknowledged that 
discrepancies in area measurements increased with the size of the wound. Conclusions are 
drawn from other measurements also indicated declined reliability of ruler based 
4 
 
measurement in wounds > 10 cm. Various systems like Visitrak system (System A; Smith 
and Nephew, Auckland, New Zealand), digital planimetry and linear area measurement 
were evaluated using above elliptical formula by the Shaw et al[12] (n = 16). Wound size 
estimated using elliptical formula was significantly underestimated particularly for smaller 
wounds. 
1.2.2 Acetate Tracings and Contact Planimetry  
 
It is one of the traditional methods widely utilized in the clinical setting for wound 
tracing, much like ruler method because of its accessibility and low cost. It employs a 
transparent sheet across the wound surface and then tracing its margins with indelible ink. 
The tracing is then matched with grid occupancy and determines the surface area by 
measuring the squares covered within the circumscribed area [2].    
                                                            
Figure 1.2 Wound Measurement using Acetate tracings 
 
This technique requires the transparent sheet to be in direct contact with the wound 
surface. This could potentially cause infection, contamination and damaging of wound bed, 
shape and size and inconvenience to the patients. This involves two stages in the calculation 
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of wound surface area. First, the edge of the wound has to be manually identified. Second, 
a number of squares in the sheet that covered the wound is counted.  
1.2.3 Digital or Non-contact Planimetry 
 
This technique does not require direct contact with the surface of the wound [2]. A 
scale gauge or target plate is projected on the plane of the wound. Using high-resolution 
camera an image is captured and fed to the computer. After outlining the wound margin by 
the observer on the computer, specialized software (VeV Measurement Documentation 
[System B]) performs digital image analysis and provides dimensions of the wound.                                      
Comparative analysis between contact and digital planimetry using ulcers and 
simulated wounds were carried out in 2 phases by Samad et al[17], initially both the methods 
were evaluated using elliptical wounds of known size and accuracy in each case was noted; 
then the accuracy was verified against leg ulcers in a vascular surgery clinic with different 
practitioners. Results showed that digital planimetry undercut the surface area 
approximation by an amount of 3.9% compared to contact planimetry. In contact 
planimetry, the time taken to measure wound surface is proportional to the size of the 
wound whereas digital planimetry proved to be faster than contact method. Another study 
conducted by Haghpanah et al[18]  using two-dimensional cardboards of known area 
evaluated Systems A and B using 40 wounds and 4 practitioners. 
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Figure 1.3 Wound Measurement using Digital Planimetry 
 
Root Mean Square (RMS) error was used as a factor to compare the accuracy of 2 
methods. The study highlighted the time-consuming factor of contact planimetry for larger 
wounds using System A and greater accuracy using System B. Given the availability of 
equipment this non-contact planimetry proved to be practical in a clinical setting. Despite 
easiness, this technique is limited by operator dependent and nature of the technique.  
1.2.4 Structured Light 
 
Another non-contact method used to measure wound dimensions is the laser 
approach or structured light [2].   This technique involves projected laser beams and digital 
camera that deviates with the irregularity of wound, curvature, and depth and creates a 
topographical model using wound images. Area and volume are then calculated from the 
perimeter outlined images uploaded to the mobile computing device. This is an operator 
dependent model to outline the perimeter. This model also takes the curvature of the body 
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into account where the wound presents and uses digital planimetry to evaluate wound 
dimensions. 
                       
Figure 1.4 Wound Measurement using Structured Light 
 
The digital photometry has displayed far more superiority in terms of accuracy and 
easiness in operation compared to traditional ruler technique and acetate tracings. The 
laser-based approach offers same advantages as that of digital planimetry in terms of 
measurement and documentation, in addition, it has edge over former one in terms of 
practicality and telemedicine.  
1.3 Wound Care Devices in Market 
 
1.3.1 Wound Zoom 
 
This is a non-contact camera based system developed at Georgia Tech by Dr. 
Stephen Sprigle, which uses laser projection to correct the distance and capture wound 
images [3]. It provides features to maintain record defined borders and input comments to 
provide a complete assessment. The operator then outlines wound perimeter before 
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providing an image as an input to the algorithm. The back end algorithm then calculates 
the area, length, and width of the wound. Since wound perimeter has to be identified 
manually it is operator dependent and time-consuming.                       
                              
Figure 1.5 Wound Zoom 
 
1.3.2 eKare inSight 
 
eKare inSight uses Structure infrared light sensor attached to Apple Ipad and 
proprietary algorithm to measure wound dimensions [4]. The sensor captures the wound 
image and physician highlights the wound boundary in the captured image and passes it to 
the algorithm. The algorithm calculates spatial and depth parameters. The company 
claimed spatial accuracy of 0.7mm and depth of 0.5mm at an optimal distance of 40cm. 
The calculated parameters are then posted to the cloud to access the information from 
anywhere and can be integrated to the existing EHR (Electronic Health Records). However, 
the wound identification is human dependent. 
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Figure 1.6 eKare insight 
 
1.3.3 Wound Vision SCOUT 
 
The device uses visual and infrared imaging sensors to capture images. It uses laser 
projection to focus the device 90 degrees to the plane of interest [5]. The system can 
measure wound dimensions such as length, width, surface area and perimeter. It has the 
ability to capture thermal imaging beneath the skin detects and records any anomalies in 
the blood circulation or skin tissue bed. It also offers cloud computing capabilities and 
integration with EHR (Electronic Health Record). The process requires the patient to be 
seated in certain positions which are time-consuming and inconvenient. It is not a real time 
system as the image analysis has to be done by the health care professionals separately.  
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Figure 1.7 Wound Vision Scout 
 
1.3.4 Silhouette 
 
The system uses a 3D imaging and documentation system to identify the affected 
parts and to track the healing progress [6]. It uses laser projection to fix the device position 
over the surface and a specialized camera called SilhouetteStar to get a clear picture. The 
medical professional then has to outline the wound perimeter manually before giving it as 
an input to the software called SilhouetteConnect. The software constructs a 3D model 
based on the outlined wound in the previous step and measures wound dimensions. The 
information captured from SilhouetteConnect plus SilhouetteStar will be posted to the 
secure internet accessible database. The system depends on an operator while taking a 
picture and outlining the wound and is not a real-time system. 
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Figure 1.8 Silhouette Wound System 
 
1.4 Drawbacks of Existing System 
 
The above-described methods from rulers to sophisticated techniques like acetate 
tracings, digital photometry, contact and non-contact planimetry and structured light like 
laser or color video-microscopy based measuring tools don’t meet the clinical 
requirements. This is due to the drawbacks in accuracy, time and operating complexity, 
operation cost, and acquisition, reproducibility, and consistency. Because of this wound 
care, professionals rely mostly on the traditional ruler based method to measure surface 
area and a cotton swab to measure depth and volume approximating how much cotton 
material was used to cover the wound.  
These techniques are sensitive to an error with nearly 40% deviation from the actual 
dimension. Irregular shapes and multiple wound areas are calculated as a multiple of 
longest length and longest width. These techniques require physical contact, which is not 
comfortable to patients and may lead to infection. As a result patients and doctors can’t 
monitor the progress of wound healing efficiently, which leads to lengthy recovery and 
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change in the treatment plan later if the ongoing treatment seems to be ineffective. This is 
a significant concern for patients with diabetes, who often suffer from foot ulcers and 
experience changes in their treatment plan during their wound healing process. Hence, 
there is a need for accurate, ease of use, low-cost, reproducible and patient-friendly devices. 
Our system is capable of delivering results in real time with 95% accuracy and it is a non-
contact and patient friendly system. It is easy to operate; patients can monitor their progress 
by themselves staying at home. In short, our ultra-portable marker-free and non-contact 
technologies offer an accurate measurement of all these wound types, without the risk of 
causing infections.  
1.5 Our Solution 
 
Our system combines low-cost miniature imaging devices, stereo multispectral 
imaging, and a portfolio of imaging processing technologies to enable automatic and 
instantaneous wound identification and analysis. It can provide full measurements of the 
wound such as area, perimeter, depth, and volume, without requiring the calibration 
process as that of other existing stereo-photogrammetry or laser solutions. It can be 
conveniently used by both the wound care professionals and patients themselves to monitor 
the healing progression. Furthermore, its wound analysis capabilities can identify various 
types of tissues and vary density at different stages of wound developing and healing 
processes to provide functional analysis.   
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1.6 Image Capture Device 
 
For our prototype system, we assemble an ultra-portable wound imaging sensor 
system that uses commercially available off-shelf sensor units, e.g., Leap Motion 
Controller as shown in Fig. 1.8. The Leap Motion Controller is a low weight, portable, low-
cost peripheral device which can be mounted conveniently on the desk upwards or can be 
used as a regular camera facing towards the target object. This device is marketed as a hand 
tracking device to perform tasks such as navigating a website, pinch-to-zoom gestures on 
maps, high precision drawing, and manipulating complex 3D data visualizations [7]. The 
Leap Motion Controller uses two infrared cameras and three LED lights. These two 
cameras can see roughly a hemispherical area, to a distance of 1 meter. The device is 
capable of generating over 100 frames per second of reflected data. The information is then 
transferred to the computer through a USB cable, where it is analyzed by the leap motion 
proprietary software using “complex maths” in a way that has not been disclosed by the 
company. By comparing the 2D frames generated by the two cameras, it synthesizes 3D 
position data.  
                                       
Figure 1.9 Leap Motion Controller 
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In our project, we simply use it as a stereo imaging device by obtaining and 
processing the raw image data it collected due primarily to its availability and low cost. 
Although there are several limitations of this device, particularly, its limited resolution and 
the lack of wireless connectivity, it provides us conveniently with a low-cost component 
for our prototype system in order to demo the feasibility and effectiveness of our approach. 
For example, it generates only 640 x 240 infrared images of the target from both of the 
cameras. But with our algorithms, we are able to significantly boost its performance in 
accuracy. 
1.7 Wound Analysis Work Flow 
 
The proposed system requires identification of the wound object from the images 
in order to calculate the parameters of the wound such as distance, area, and perimeter of 
wound object inside the image, and then map out its real-world parameters. The aim of this 
thesis is to get the distance or depth information using stereo infrared images provided by 
the Leap Motion Controller. This can be achieved by identifying the same object in both 
of the stereo images. Since both cameras are fixed in a vertical Y-direction and separated 
by a fixed distance horizontally in X-direction, a correspondence can be established 
between two cameras, using a focal length of the cameras and distance between them, in a 
way similar to the human eye vision, a distance of an object can be calculated.  
There are four stages involved in the implementation of this project: 1) image 
preprocessing, 2) correspondence establishment, 3) distance estimation and 4) area and 
perimeter calculation.   
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Figure 1.10 Flow Diagram of System Implementation 
 
1.7.1 Image Preprocessing 
 
Image preprocessing is a crucial stage in the identification of an object inside the 
image and stereo relation approximation. Raw images received from the device should be 
made distortion free and needs to undergo multiple processing engines to extract the 
required features. These features are to be extracted carefully as these are used in 
subsequent steps and impacts the final outcomes of the algorithm. Most of the proposed 
algorithms can be broadly classified into two types, area based and feature based 
techniques, which will be explained in detail in future chapters. 
1.7.2 Correlation Establishment 
 
Establishment of similarity between the features extracted from both the images is 
an important step in stereo matching. Using feature set extracted separately from the stereo 
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images, the correlation between the features has to be established in order to find the 
projection of an exact physical object in an individual image.  
1.7.3 Distance Estimation 
 
Positions of the identified similar feature in each image are used to calculate 
disparity that is the horizontal separation of the feature point in each image. Using the 
calculated disparity, the distance between the cameras and focal length of the camera, a 
distance of an object from the camera can be estimated. The distance can then be used to 
map out the object dimensions inside the image to real wound dimensions.  
1.7.4 Area, Perimeter, Length, and Width of Wound  
 
 The dimensions of the wound such as area, perimeter, length, and width are the 
most important parameters to monitor during the wound healing process. By comparing 
these parameters at regular intervals, physicians can decide whether to proceed with the 
current plan or to suggest a more rigorous treatment plan. These parameters associated with 
the wound object detected in an image are calculated in terms of pixels and then mapped 
to the real wound dimensions using optical parameters of camera and distance as the 
number of pixels representing these parameters vary with the inputs. 
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CHAPTER 2: BACKGROUND AND THEORY 
 
2.1 Stereo Vision System 
 
The stereo vision system is the ongoing popular practical approach used in the 
reconstruction of a 3D structure from the 2D image data. Figure 2.1 depicts the geometrical 
analysis behind the stereo analysis. 
                                                                     (x, y, z) 
  
                                                                                                    Baseline 
                                (xl, yl)                                                  (xr, yr) 
                         Figure 2.1 Simplified Stereo Imaging System [8] 
➢ Two cameras with their optical axes parallel and separated by a distance d [8]. 
➢ The line connecting the camera lens centers is called the baseline [8]. 
➢ The focal length of both cameras is f [8]. 
➢ Let the origin O of this system be mid-way between the lens centers [8]. 
➢ Let the x-axis of the 3-D world coordinate system be parallel to the baseline [8]. 
➢ Consider a point (x, y, z) in 3-D world coordinates on an object [8]. 
➢  Let the point (x, y, z) have image coordinates (xl, yl) and (xr, yr) in the left and right 
image planes of the respective camera [8]. 
Left 
camera 
Right 
camera 
f 
d 
O 
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The aim of the above-described approach is to obtain the distance of an object from the 
camera using the pair of images. These two cameras, which are separated by a distance, 
can capture the same objects distinctively. Successful determination and correlation of an 
object from the left camera with an object from the right camera lead to the calculation of 
depth information, given the focal length of camera and stereo geometry for the cameras. 
Usually, the main steps involved in stereo vision are image preprocessing to extract 
matching features, identification of disparity between images by an appropriate stereo 
algorithm, and stereo geometry to estimate the depth of an object [9]. 
2.2 Features Extraction 
 
Feature extraction from an image in a stereo vision system is a crucial step in further 
matching process in order to build the 3D structure of an object. Features to be considered 
in the process and algorithmic approach will have a massive impact on the outcome of 
stereo matching results. This characteristic identification can be done in two ways: feature-
based and area-based. 
The area-based approach requires the establishment of a correlation between area 
patches of two images. It was used in some early stereo matching algorithms. 
The later one, feature-based approach matches feature directly. Individual features 
in the real world are mapped to changes in the intensity of the image. Discontinuities in the 
intensity are considered as separate physical entities and mapped to contours.  
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2.3 Stereo Correspondence Problem 
 
Identification of similar points between two images is the most difficult and crucial 
stage in the stereo matching process. The aim is to calculate the disparity between two 
images using previously determined similar points in each image. Many stereo matching 
algorithms have been proposed and each one is different from another based on the 
primitives used for matching as well as geometry for stereo matching. Area-based and 
feature-based matching techniques are the most commonly used in matching primitives 
perspective. There are also different imaging geometries, such as parallel-axis and non-
parallel-axis, binocular and multi-ocular [10].   
The area-based matching approach considers correspondence among intensity areas 
in the neighborhood of a pixel in one image with brightness patterns in a corresponding 
neighborhood of a pixel in the other image [10]. This is a simple solution, but sensitive to 
the changes in overall brightness and illumination. Accurate distance information 
calculation is strongly influenced by the interest points selection and measurement used for 
similarity.  
The feature-based technique relies on the features extracted from the images rather 
than the intensities of pixels in the images. This technique is advantageous compared to 
area-based approach as the feature-based stereo technique does not depend on intensity 
values directly. It is more resolute to the illumination and contrast changes. Usually, it uses 
boundary patterns or edge patterns as features. 
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Stereo matching techniques can also be classified based on particular imaging 
geometry that is being used [10]. The conventional stereo imaging geometry contains two 
cameras with their optical axes mutually parallel, and the factors that could be changed 
include, but are not limited to, the mutual orientation of the optical axes of the cameras and 
the number of cameras used [10]. 
2.4  Distance Information 
 
Disparity and depth are two frequently used measurements in stereo vision. In many 
cases they are interchangeable but there is a slight difference between them. When a point 
in one image matches with the similar point in another image, the points are termed as the 
projections of the same physical quantity in the real world. The difference in the relative 
positions of these points is called as disparity. Equation 2.1 depicts the relationship between 
disparity and depth. 
                                Distance = Baseline X 





disparity
hfocallengt
                                     (2.1) 
The Equation 2.1 can be derived considering similar triangles from the geometry shown in 
Figure 2.1. 
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The term, rl xx   which figures in Equations 2.2 and 2.3 is called disparity and the 
term z is called the distance or depth. 
2.5 Image Processing Techniques 
 
Many image processing methods have been proposed till date. The decision to use 
which technique depends on the outcome being looked for. Image processing in the 
computer world is closely related to either Computer Graphics or Computer Vision. In 
Computer Graphics, contrary to the traditional image capturing using imaging devices 
(cameras), the image is constructed from materials, objects, animated environment and 
synthesized lighting. On the other hand, in Computer Vision, high-end imaging software 
is used to process the natural images, captured using imaging devices to extract features, 
objects or 3D dimensional properties.   
2.5.1 Image Distortion Correction 
 
Distortion is caused due to the deviation in the rectangular projection of a scene. 
Distortion is broadly classified into two types: optical distortion and perspective distortion. 
Optical distortion is due to the design of the optical sensor while perspective distortion is 
due to the placement of camera with respect to the subject or vice-versa. Since stereo 
cameras used in our system are fixed as a single unit, position or perpendicular distance of 
the subject is similar to both the cameras, hence the considerable distortion to be handled 
is optical distortion.  
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Optical distortion, or simply lens error, deforms and bends the rectangular 
projection, e.g., the straight lines are made wavy or curvy in the projected scene; hence this 
kind of distortion is generally pointed to as curvilinear distortion. Optical distortion is 
broadly classified into three types: barrel, pincushion, and mustache (known as wavy or 
complex distortion). It is very difficult to design lens without any distortion, almost all kind 
of lenses suffer some kind of distortion.  
Barrel Distortion deforms the straight lines of scene curved inwards which take the 
shape of a barrel, hence is called barrel distortion. It is noticeable mainly in the wide angle 
lenses that is if the field of view of the lens is much greater than the image sensor size, 
hence it has adjusted to fit in. Because of this straight lines seem to be curved inwards 
particularly towards the outer edges of the picture. Lines at the center appear straight and 
start deforming away from the center. Fisheye effect is one of the barrel distortions and fits 
wide plane object into a finite image plane. The distance of an object from the camera is 
proportional to the distortion. This can be reduced using a specific optical lens or by using 
advanced Computer Vision algorithms [13].  
                              
Figure 2.2 Barrel Distortion 
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Contrast to barrel distortion, if straight lines are curved outwards from center then 
it pincushion distortion. It is caused by the lens having a field of view smaller than the 
image sensor size; hence the lines are stretched to fit in. Because of this, straight lines seem 
to be pulled outwards at the corners of the image. It usually appears on telephone lenses 
and is due to magnification of the image from the optical axis towards the edges. Like 
barrel distortion, this can be removed by using significant compensating lenses or post-
processing advanced computer vision software [13].   
                              
Figure 2.3 Pincushion Distortion 
 
Mustache distortion is the combination of barrel and pincushion distortion which 
sometimes termed as “wavy” distortion. It is the worst distortion of all the radial 
distortions. This distortion makes straight lines to appear curved outwards at the extreme 
corners and curved inwards towards the center of the frame. That’s why this distortion is 
referred to as complex distortion because it is difficult to handle the characteristics and 
remove. Though this distortion can be fixed, it is not possible with just specialized post-
processing software unless there is already a tool built in. Without it, any attempt to reduce 
barrel distortion pulls extreme corners of the frame more outwards. And any attempt to 
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reduce pincushion distortion it ends up curving barrel distortion even stronger towards the 
center.    
                                  
Figure 2.4 Wavy/ Moustache Distortion 
 
2.5.2 Image Smoothing or Blurring 
 
Image Smoothing or Blurring is used to mitigate noise and is usually performed as 
a preprocessing technique to eliminate minor noise details before extracting image features. 
Smoothing the image using low-pass filter reduces high-frequency random noise 
components inside the image. 
These filters work in the region around the pixel and replace current pixel intensity 
value with the average intensity of the pixels considered in the region or often referred to 
as the kernel. Smoothing filters are ideally low-pass filters. These filters consider noise as 
high-frequency information. Hence the edges having high frequency required information 
are removed or blurred using smoothing filter. Smoothing of the image depends on the size 
of kernel or filter. Hence the property and size of the kernel have to be chosen carefully.  
Figure 2.4 shows the two filters of size 3x3. 
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Figure 2.5 3x3 Smoothing filters 
 
 In order to effectively distinguish boundary of the object, edges of the objects 
should be sharpened. One way to achieve this is to subtract the blurred or smoothed image 
from its own non-blurred original image. This can also be achieved directly using 
Laplacian operator. 
2.5.3 Thresholding 
 
Image thresholding is one of the simplest techniques in image processing to 
segment an image. It is used to convert an image into a binary image, consists of only white 
and black pixels. This technique identifies pixels greater than a certain threshold or pixels 
in a specified range as a brighter portion and other remaining as a darker portion. 
The value of threshold used depends on the application requirements and it need 
not be a fixed value. It is one of the crucial steps in image processing as binary outcome 
image dictates the result of the algorithm. In general, the algorithm sets the intensity of 
pixels, and convert those with an intensity greater than the threshold value to white and the 
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others to black. If the application uses variable or adaptive thresholding it subdivides the 
original into sub-images and performs different thresholding on each sub-image. Otsu 
thresholding is one of the advanced adaptive thresholding technique, it segments the image 
into two classes (foreground and background pixels). It chooses an optimum threshold for 
the image based on histogram such that the intra-class variance between foreground and 
background pixels is minimal and inter-class variance in each class of pixels is maximal.   
Otsu’s algorithm exhibits relative good performance if the histogram can be 
assumed to have bimodal distribution and assumed to possess a deep and sharp valley 
between two peaks. But if the object area is small compared to the background area, the 
histogram no longer exhibits bimodality. And if the variances of the object and the 
background intensities are large compared to the mean difference or the image is severely 
corrupted by additive noise, the sharp valley of the gray level histogram is degraded. Then 
the possibly incorrect threshold determined by Otsu’s method results in the segmentation 
error [14].  
2.5.4 Histogram Equalization 
 
Equalization of the histogram is a technique to enhance the contrast of image so 
that edges of an object inside image can be distinguished more easily. This technique 
distributes the intensities of pixels in an image. This method is mostly suitable for the 
images with both the foreground and background either dark or bright. This is a straight 
technique and can be inverted. Given a histogram equalization function, an original 
histogram of an image can be constructed. This function uses two functions Probability 
Mass Function (PMF) and Cumulative Distribution Function (CDF) internally in order to 
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equalize histogram and distribute the pixels. The technique improves the contrast of areas 
with lower contrast by effectively distributing the high-density intensity pixels.   
There are two ways to think about and implement histogram equalization, either as 
image change or as palette change. The operation can be expressed as P(M(I)) where I is 
the original image, M is histogram equalization mapping operation and P is a palette. If we 
define a new palette as P'=P(M) and leave image I unchanged then histogram equalization 
is implemented as palette change. On the other hand, if palette P remains unchanged and 
the image is modified to I'=M(I) then the implementation is by image change. In most 
cases, palette change is better as it preserves the original data [15]. 
Modifications of this method use multiple histograms, called sub-histograms, to 
emphasize local contrast, rather than overall contrast. Examples of such methods include 
adaptive histogram equalization, contrast limiting adaptive histogram equalization or 
CLAHE, multi-peak histogram equalization (MPHE), and multipurpose beta optimized bi-
histogram equalization (MBOBHE). The goal of these methods, especially MBOBHE, is 
to improve the contrast without producing brightness mean-shift and detail loss artifacts by 
modifying the HE algorithm [15]. 
2.5.5 Structural Analysis 
The output image from the above consecutive steps is now ready for structural 
analysis, i.e., to segment different objects inside the image. This analysis can be used to 
perform object recognition and shape description analysis. The objects identified in each 
image of stereo system are compared against each other to achieve consensus about the 
identified object. Using this method different parameters (area, perimeter, volume) of an 
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object can be determined in image units and later be mapped to the real world units i.e., 
millimeters or centimeters using stereo vision geometry. The algorithm used in the 
proposed system makes use of this principle to map wound parameters inside the image to 
actual real wound dimensions.    
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CHAPTER 3: OBJECT BASED DISTANCE AND DIMENSION 
ESTIMATION 
                                                                          
3.1 Object Recognition Based Algorithm 
In the captured image, wounds on the body create discontinuities in intensity levels 
from the background body surface intensity. These discontinuity lines are equivalent to the 
boundaries of the wounds. Wound boundary is similar to curve formed by combining all 
the continuous points with similar intensity or color. Thus wounds in the body are 
considered as individual objects in each image.  
  
 
                       
                                                  
 
 
 
 
 
 
 
Figure 3.1 Flow Diagram of Object Recognition Based Algorithm 
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Contour detection is one of the most popular techniques used to detect objects 
having discontinuities in gray val1ues. Contours detected in both the images are compared 
against each other to establish correlation among the two images.  
Since the matching technique uses only detected contours instead of the whole 
image to establish correlation, it reduces the running time of algorithm and increases 
performance. The proposed system combined contour detection with structural analysis to 
generate reference points from the stereo image pair to establish correspondence. Figure 
3.1 depicts the detailed workflow of the system.  As discussed in Chapter 1 we used Leap 
Motion sensor as an imaging device in our system. It consists of two infrared cameras and 
three LED lights and is capable of generating stereo-infrared images. The infrared images 
generated from each camera are sent to image preprocessing engine to remove distortion, 
to enhance contrast at the edges for object detection, to segment objects from the 
background through thresholding and to equalize histogram. The preprocessed images are 
then sent for structural analysis and to detect reference points. Once the reference points 
are identified and correspondence between the images is established, a distance of the 
wound from the camera is calculated using Stereo Vision geometry. This distance is then 
used to map the pixels covering wound area to real wound area into centimeters. 
3.2 Imaging Device 
In our prototype system, Leap Motion device is used as feed capture or imaging 
device in order to capture wounds on the human body. Refer to section 1.10 [16] to find 
the technical details of the Leap Motion device, Leap Motion sensor is supposed to use as 
a motion capture device to track the hand moments and to control desktop applications and 
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online games. We explored the imaging capturing capabilities of the Leap Motion Device 
in near infrared red spectral region, which has demonstrated significant sensitivity and 
clarity to wound [16].  As a result, we can use it to measure the dimensions of the wound 
(area, perimeter, Length, and Width) accurately. Figure 3.2 and Figure 3.3 are some of the 
images captured using this device.  
              
Figure 3.2 Wound on hand palm 
 
             
Figure 3.3 Wound on arbitrary body location 
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Figure 3.4 Wound on Foot 
 
Leap Motion Device provides 640 x 240 infrared image as shown in Figure 3.2 at 
a rate of over 100 frames per second. From the captured images it is evident that this device 
can see and capture the emulated wound as shown in Figure 3.2 as the black part of the 
hand [16]. The input feed received from the Leap cameras comes with fisheye effect (i.e. 
distortion, needs to be corrected) due to the wide angle of view. These distorted images are 
fed to the Image preprocessing engine, to remove the distortion. The distortion-free images 
are then subjected to a series of image processing techniques to suppress background and 
to identify wound objects in order to estimate the distance from the camera and for the 
estimation of wound area [16]. 
3.3 Image Preprocessing based Object Recognition System 
Leap Motion Controller provided images are subjective to the Fish Eye distortion 
because of lens curvature, the angle of view and other imperfections. This distortion is 
corrected by the calibration map provided by the Leap. The output image of the calibration 
step is free from the distortion [16]. 
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Figure 3.5 Distortion free wound image 
 
3.3.1 Cropping Image 
The distortion-free image as shown in Figure 3.4 contains white edges along the 
boundary of the image which is of no importance. Hence, these additional white edges are 
removed from the image by images cropping tool provided by Open CV. Figure 3.6 shows 
the cropped image after removing white edges [16]. 
                                      
Figure 3.6 Cropped Image 
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3.3.2 Image Sharpening 
To clearly distinguish the wound edge, the cropped image is sharpened to 
effectively identify the human body from the background in the image. Sharpen approach 
is used in order to retain the wound information from the image rather than image 
enhancement approach. Gaussian filtering technique is used to sharpen the image [16]. The 
sharpened image is shown in Figure 3.7. 
                                 
Figure 3.7 Sharpened Image using Gaussian Filtering 
 
3.3.3 Background Suppression 
To correctly identify the wound area, the interference caused by the background 
objects must be reduced. To achieve this, we used 2-step approach. In the first step, we 
identified the brighter portion of the body containing wound and separated it from the 
background as shown in Figure 3.8. We used threshold filtering process in order to 
eliminate the background objects and achieve high accuracy. 
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Figure 3.8 Identified Brighter portion of body 
 
  In the second step, we identified the wounds or objects in image suppressing the 
background objects. The retrieved objects in the previous step are then checked for their 
positions inside the brighter body portion which is calculated in the first step. This step is 
crucial in order to make sure that the detected objects are wounds on the human body, not 
the background objects. Hence the objects present in the background with similar pixel 
gray values cannot be detected as wounds [16].  
                                  
Figure 3.9 Wounds in brighter body portion 
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 From the above Figure 3.9, it is evident that the background objects are suppressed 
from the original image after the suppression process. 
3.3.4 Image Enhancement Using Histograms 
  Background suppressed images obtained from the previous step are then sent to the 
histogram equalization function in order to make edges and wound object distinguishable 
from the brighter body portion. This function is applied to the entire brighter portion of the 
body and wound objects. The resulting filter is then applied to the brighter area portion to 
get the enhanced image. From the below Figure 3.10, it is evident that the wound area can 
be significantly identified from the brighter body portion. 
                                
Figure 3.10 Histogram Enhancement image 
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3.3.5 Wound Object Detection and Extraction 
The output image of the histogram equalization and enhancement is used to identify 
contours around human body which will be the brighter portion and also the contours 
around the wounds. Contour identification is done using the Computer Vision tools 
provided by OpenCV. ‘findContours’ is the function used to identify the wound contours 
and background brighter portion contour.  These contours are drawn on to a new image 
using ‘drawContours’ function provided by OpenCV.  The figure 3.11 depicts the 
identified contours. 
                
Figure 3.11 Wound detected in Left and Right camera images 
 
The system is capable of detecting multiple wounds at a time. It calculates the 
individual parameters (area, parameter) of the wound and aggregate total area of the 
wounds. The below Figure 3.12 represents multiple wounds detected in the left image and 
right image at a time. 
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Figure 3.12 Multiple Wounds detected in Left and Right camera images 
 
3.3.6 Structural Analysis 
 In some cases, there might be a possibility of objects outside the human body are 
also detected as wounds. These objects are of no interest in our system, hence they must 
be removed. To do this, we performed structural analysis on each detected object and 
measured physical dimensions of an object like area, centroid, and perimeter. Using these 
properties the object’s location is verified whether it is present in the human body. In this 
case centroid of each object, the contour is verified to be located inside the body portion.  
3.3.7 Extraction of Reference Points 
Once the wounds are identified from both the camera images, to establish 
correspondence each wound in the left camera image is compared to the wounds detected 
in the right camera image in terms of pixel area and centroid of wound contour. This system 
uses centroid of wounds as reference points in each camera image.  
Establishment of correspondence is done in two steps. In the first step pixel area of 
the wound in the left image is compared against pixel area of each wound in the right 
image. If there is a match found in the right camera image it advances to the second step. 
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There may be a chance of having multiple wounds with same pixel area. If it happens 
wound in left camera image may be mapped to the different wound in the right camera 
image. To avoid this, in the second step, the centroid of wound contour is also compared 
against the mapped wound contour centroid in the right image. Since both the cameras are 
aligned with the same axis, there should not be the difference in perpendicular axis 
coordinates. 
 Let’s consider that the cameras are aligned along the X-axis, the projections of an 
object in left camera image will have X-axis coordinate value different from right camera 
image X-axis coordinate value. But the perpendicular axis coordinate of the object in the 
both the camera images remain same. Since the centroids of wound contours establish a 
strong correspondence between the two images in addition to the contour pixel area, these 
can be used as reference points in Stereo geometry for distance determination.    
Wound property Left Camera Image Right Camera Image 
Area   62.5 61.5 
Centroid [125.221, 96.7307] [110.911, 96.7263] 
Table 3.1 Reference points from left and right camera images for one wound 
 
 Wound Wound Property Left Camera Image Right Camera image 
1 Area  110.5 118 
Centroid   [126.25, 101.71] [112.103, 101.89] 
2 Area  57  53  
Centroid  [133.766, 92.06] [119.239, 91.55] 
Table 3.2 Reference points from left and right camera images for one wound 
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 From the above tables 3.1 and 3.2, it can be observed that the perpendicular 
coordinates (Y- coordinate) of the object remains almost same in both the left and right 
images. But the X- coordinates of the object are displaced by a certain number of pixels. 
The difference in the pixels is called the disparity. 
3.4 Distance Determination 
 The distance between the target object and the camera can be determined as 
discussed in section 2.4, given the baseline or distance between the cameras and focal 
length of the camera.  
The stereo imaging geometry involves a pair of cameras separated horizontally by 
a certain distance called baseline and their optical axes parallel to each other mutually. The 
optical axes of cameras are perpendicular to the stereo system baseline. The scan lines of 
the image are parallel to baseline. So the optical centers of stereo camera pair displace only 
in the horizontal direction and the projections of a real world object in both the camera 
images will contain the different horizontal component. 
From the section 2.4, the distance between the target object and the stereo camera 
pair is presented as below 
                      Distance = Baseline x 
Disparity
hfocallengt
                                         (3.1) 
and the Disparity between the images can be represented as the term xl - xr (horizontal 
displacement of object projection between two images), mentioned in equation 2.3.  
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3.5 Wound Area Estimation 
 In the proposed system, since we do not have access to real wounds yet, we tested 
our system against simulated wounds. The simulated wound area on the human body is 
calculated using equations established on wound contours. The pixels covering the wound 
contour are mapped to the actual size of the wound using corresponding optical relation. 
The proposed system is capable of measuring the area of multiple wounds at a time. The 
system then displays properties of each wound individually as well as aggregated total 
wound area. The optical relation used to map pixel area of wound to the real wound area 
is presented in equation 3.2 
           Real Wound Area = Pixel Wound Area X  





hfocallengt
depth
                               (3.2) 
3.6 Wound Perimeter Estimation 
 In addition to the wound area, the system also provides perimeter or outer line of 
the emulated wound. This serves as an additional metric to gauge the wound progress. 
Measurements taken periodically at regular intervals can be compared to check whether 
the wound is shrinking or expanding.  The pixels covering the boundary of the object or 
wound in the image is calculated using the Computer Vision tools provided by Open CV. 
This length of the wound boundary is mapped to the real perimeter using optical equations. 
The real perimeter value depends on the distance of the identified object from the camera 
and focal length of the camera, as these parameters affect the number of pixels covering 
the wound boundary. The optical equation used to measure the perimeter is presented as 
below. 
2 
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                           Real Perimeter = Pixel Perimeter X 
hfocallengt
depth
                             (3.3) 
3.7 Wound Length and Width Estimation 
 In traditional techniques such as ruler method, the length and width of the method 
are used to calculate the area. In addition to the accurate area, our system can also provide 
length and width of the wound. Since wounds often take irregular shapes, the wound is 
bounded with the minimum area rectangular box and length and width of the bounding box 
are calculated in terms of pixels. The measured pixels are then mapped to real wound length 
and wound using below optical equations. 
                        Real Length = Pixel Length X 
hfocallengt
depth
                                          (3.4) 
                         Real Width = Pixel Width X 
hfocallengt
depth
                                            (3.5) 
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CHAPTER 4: EXPERIMENTATION AND RESULTS 
 The distance is used to calculate the dimensions (area, perimeter, length, and width) 
of the emulated wounds. To evaluate the correctness of system, first, we measured the 
distance of an object in an image using our Object Recognition based system and compared 
it with the distance provided by the Leap Motion Device. Our system is then examined for 
different distances for consistency in the area and perimeter measurements. Our 
preliminary results indicate that our system is reliable as it calculates the distance from the 
emulated wound directly, whereas the distance provided by the Leap is with respective to 
the tip of fingers which result in significant measurement errors. Thus there will be the 
small but significant difference in results from Leap readings and from ours. Moreover, 
our wound distance measurement works for a wound on any part of the body surface; while 
Leap Motion Device cannot provide distance from body parts other than the hand.  
4.1 Prototype Implementation 
 Our prototype system provides video streaming interface highlighting wounds, 
such that it gives users instant feedback about the quality of imaging and wound 
identifications. It also has an option to adjust the sensitivity of wound identification to 
support a broad range of wound detection capability. The user only needs to point the Leap 
Device towards the wound, or vice versa; and then click on the “calculate” button, once the 
wounds are correctly highlighted in the video. The system can calculate Area, Perimeter, 
Length, and Width of the wound and displays these parameters on the GUI. The system 
can detect and calculate the parameters of multiple wounds at a time and lists them in a 
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tree structure. In addition to individual parameters, the system also calculates the total area 
of all wounds and distance of wound from the device.       
 
Figure 4.1 Prototype Displaying Wound Detection and Measurement on Hand 
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Figure 4.2 Prototype Displaying Wound Detection and Measurement on Arm 
 
 
 
Figure 4.3 Prototype Displaying Wound Detection and Measurement on Foot 
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4.2 Distance Estimation 
 As discussed in section 3.7.7, the background present in the images is removed and 
the extracted contour image consists of only wound contours. Points extracted from the 
structural analysis are chosen as reference points to estimate the distance. These reference 
points are centroids of wound objects detected in the image. The X coordinates of the 
centroid of an object from the left and right camera images will have the same value, 
whereas Y-coordinate will have the same value as both the cameras are aligned in the same 
orientation. The difference between the horizontal coordinates of these reference points is 
called disparity. Figure 4.4 depicts the outline for distance estimation process. 
Original Image (left) Original Image (right) 
Objects Detection Objects Detection 
Structured Analysis Structured Analysis 
Reference Points Reference Points 
Best Match (Left) Best Match (Right) 
 
Figure 4.4 Layout for Distance Estimation 
 
 In this section, our algorithm is evaluated to verify the accuracy and reproducibility. 
Since we don’t have access to real wounds a black colored 2 x 2 cm paper is glued to the 
hand as shown in below Figure 4.5. The results obtained using our system is tabulated in 
tables 4.1 and 4.2. 
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Figure 4.5 Emulated wound on Hand 
Left Image 
Centroid 
Right Image 
Centroid 
Disparity  
(pixels) 
(144.28,106.30) (107.75,106.19) 36.53 
(133.37,103.14) (106.36,102.91) 27.01 
(129.08,101.07) (106.42,100.86) 22.66 
(129.55,100.06) (108.59,100.11) 20.96 
(129.34,99.77) (111.60,99.58) 17.75 
(127.96,96.45) (110.46,96.26) 17.5 
(128.65,98.80) (112.74,98.71) 15.91 
(127.53,100.29) (112.49,99.97) 15.05 
(125.13,97.31) (111.30,97.23) 13.84 
(128.05,98.11) (115.00,98.00) 13.05 
(125.47,95.41) (112.86,95.35) 12.61 
(125.69,97.48) (113.16,97.50) 12.52 
 
Table 4.1 Disparity (or X-offset) 
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 As described in section 3.4 the distance is estimated using baseline (distance 
between the cameras), focal length and disparity. For the considered Leap Motion device 
the baseline is 40 mm and focal length of the camera is 53 pixels. The results obtained are 
tabulated in Table 4.2 after inserting above numbers in below equation. 
                                      Distance = Baseline x 
Disparity
hfocallengt
                                        (4.1)  
Disparity 
(pixels) 
Hand Distance 
using Leap (cm) 
Wound Distance using 
our Algorithm (cm) 
Difference (cm) 
36.53 5.99 5.8 0.19 
27.01 8.26 7.85 0.41 
22.66 9.53 9.35 0.17 
20.96 10.41 10.12 0.29 
17.75 12.11 11.95 0.16 
17.5 12.21 12.12 0.1 
15.91 13.41 13.32 0.09 
15.05 14.26 14.09 0.17 
13.84 15.39 15.32 0.07 
13.05 16.18 16.24 0.06 
12.61 16.88 16.82 0.06 
12.52 16.92 16.93 0.01 
 
Table 4.2 Hand Distance vs Wound Distance 
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Mean Difference = 0.15 cm 
                                      Distance Percentage Deviation = 0.84%                           
 
Figure 4.6 Leap Hand Distance vs Wound Distance 
4.3 Measurement of One Square Emulated Wound on Human Hand 
  A black painted 2.5 cm x 2.5 cm paper is glued to the hand as shown in Figure 4.7 
to emulate the wound and measured its dimensions (area, perimeter, length, and width). 
The obtained readings are tabulated in Table 4.3 and 4.4. 
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 Figure 4.7 Emulated Square Wound on Human’s Hand 
 
Distance 
(cm) 
Area 
(cm2) 
Perimeter 
(cm) 
Length 
(cm) 
Width 
(cm) 
5 6.13 10.04 2.65 2.56 
5.28 6.12 10.48 2.67 2.59 
6.38 6.4 10.28 2.71 2.67 
7.46 6.44 9.99 2.74 2.66 
7.7 6.34 9.91 2.76 2.62 
9.56 6.28 9.98 2.75 2.64 
9.68 6.33 10.15 2.79 2.69 
10.91 6.34 10.03 2.73 2.71 
11.89 6.5 9.98 2.69 2.69 
12.61 6.34 10.03 2.78 2.7 
12.85 6.38 9.68 2.67 2.67 
14.37 6.58 9.73 2.71 2.71 
15.21 6.55 9.73 2.87 2.58 
16.72 6.52 10.06 2.84 2.84 
17.34 6.47 9.51 2.62 2.62 
17.75 6.17 9.54 2.68 2.68 
18.71 6.73 9.76 2.82 2.47 
19.08 6.8 10.04 2.88 2.88 
 
Table 4.3 Dimensions of Emulated Square Wound on Hand 
 From the above readings, it can be observed that the dimensions of the wound are 
consistent with the distance as shown in Figure 4.8. 
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 Area Perimeter Length Width 
Mean 6.41 9.94 2.74 2.76 
Standard Deviation 0.18 0.25 0.08 0.09 
Standard Deviation in Percentage 2.90% 2.49% 2.76% 3.53% 
 
Table 4.4 Mean and Standard Deviation of Emulated Square Wound Dimensions on 
Hand 
 
 
Figure 4.8 Distance vs Dimensions of Emulated Square Wound on Hand 
 
4.4 Measurement of One Square and one Rectangular Emulated Wounds on Hand  
 Two black-painted paper sheets of size 2.2 x 2 and 2.5 x 2.5 are glued to the hand 
as shown in Figure 4.9 to emulate the wounds and measured their dimensions (area, 
perimeter, length, and width). 
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Figure 4.9 Emulated Square and Rectangular Wounds on Human’s Hand 
 
The readings obtained for the smaller wound of dimensions 2.2 cm x 2 cm are tabulated in 
Table 4.5 and 4.6. 
Distance 
(cm) 
Area 
(cm2) 
Perimeter 
(cm) 
Length(cm) Width(cm) 
5.68 4.12 8.23 2.29 2.14 
7.12 4.1 8.26 2.25 2.08 
9.48 4.05 7.79 2.29 2.15 
10.18 4.18 7.98 2.33 2.19 
12.36 4.14 7.96 2.32 2.21 
14.62 3.88 7.99 2.34 2.1 
14.97 4.59 8.35 2.53 2.27 
15.34 4.36 8.15 2.47 2.2 
15.63 4.22 7.88 2.42 2.24 
17.66 4.5 7.96 2.33 2.33 
18.04 4.58 8.14 2.38 2.38 
19.18 4.72 8.74 2.52 2.4 
 
Table 4.5 Dimensions of 2.2cm x 2cm Emulated Wound on Hand 
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 Area Perimeter Length Width 
Mean  4.29 8.12 2.37 2.22 
Standard Deviation 0.26 0.26 0.09 0.01 
Standard Deviation in 
Percentage 
6.01 3.16% 3.91% 4.69% 
 
Table 4.6 Mean and Standard Deviation of 2.2cm x 2cm Emulated Wound Dimensions 
on Hand 
 
 
 Figure 4.10 Distance vs Dimensions of 2.2 cm x 2 cm Emulated Wound on Hand 
The readings obtained for the larger wound of dimensions 2.5 x 2.5 are tabulated in Table 
4.7 and 4.8. 
Distance 
(cm) 
Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
5.68 6.07 10.18 2.7 2.64 
7.12 6.13 10.23 2.7 2.64 
9.48 6.07 9.88 2.69 2.69 
10.18 6.12 10.26 2.82 2.75 
12.36 6.23 10.08 2.82 2.71 
14.62 6.05 9.94 2.84 2.71 
14.97 6.35 9.95 2.91 2.78 
15.34 6.29 10.36 2.85 2.85 
15.63 6.39 10.38 2.85 2.79 
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17.66 6.38 9.85 2.83 2.83 
18.04 6.55 10.06 2.89 2.89 
19.18 6.81 10.49 3.08 2.91 
 
      Table 4.7 Dimensions of 2.5 cm x 2.5 cm Emulated Wound on Hand 
 
 Area Perimeter Length Width 
Mean  6.29 10.14 2.83 2.77 
Standard Deviation 0.23 0.21 0.11 0.09 
Standard Deviation in 
Percentage 
3.63% 2.08% 3.79% 3.31% 
 
Table 4.8 Mean and Standard Deviation of 2.5 cm x 2.5 cm Emulated Wound 
Dimensions   on Hand 
It can be observed that the dimensions of both smaller and bigger wound are consistent as 
the distance varies as shown in Figure 4.10 and 4.11.  
 
 
Figure 4.11 Distance vs Dimensions of 2.5 cm x 2.5 cm Emulated Wound on Hand 
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4.5 Measurement of Arbitrarily Shaped Emulated Wound on Human Hand  
 A black painted arbitrarily shape paper is glued to the hand as shown in the Figure 
4.12 to emulate the wound and measured its dimensions (area, perimeter, length, and 
width). The obtained readings are tabulated in Table 4.9 and 4.10. 
                       
Figure 4.12 Emulated Arbitrary Wound on Human’s Hand 
 
Distance 
(cm) 
Area 
(cm2) 
Perimeter(cm) 
Length 
(cm) 
Width 
(cm) 
6.6 6.49 10.64 3.08 2.87 
7.74 6.6 10.3 3.01 2.95 
8.23 6.71 10.77 2.96 2.96 
9.56 7.29 10.88 3.06 3.06 
10.03 7.02 10.65 3.08 2.94 
11.25 6.87 10.97 3.12 3.02 
11.91 6.82 10.85 3.02 3.02 
12.74 7.22 10.73 3.06 3.06 
13.26 7.48 10.81 3.18 3.01 
14.16 7.32 10.7 3.02 3.02 
14.76 7.26 10.69 3.15 2.95 
15.94 7.15 10.87 3.31 3.01 
16.44 7.26 10.66 3.07 3.07 
17.9 7.3 10.46 3.1 3.1 
19.17 7.65 10.69 3.07 3.07 
 
Table 4.9 Dimensions of Arbitrarily Shaped Emulated Wound on Hand 
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 Area Perimeter Length Width 
Mean 7.1 10.71 3.09 3.01 
Standard Deviation 0.33 0.17 0.08 0.06 
Standard Deviation in 
Percentage 
4.69% 1.57% 2.69% 2.08% 
 
Table 4.10 Mean and Standard Deviation of Arbitrarily Shaped Emulated Wound 
Dimensions on Hand 
Again, it can be observed that the dimensions of the wound are consistent with the 
distance as shown in Figure 4.13.  
    
 
Figure 4.13 Distance vs Dimensions of Arbitrarily Shaped Emulated Wound on Hand 
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4.6 Measurement of Multiple Arbitrarily Shaped Emulated Wounds on Hand  
 
 
                  
Figure 4.14 Two Arbitrarily Shaped Emulated Wounds on Human’s Hand 
 
Two different dimensions of arbitrarily shaped wounds are marked on the hand as 
shown in the Figure 4.14 to emulate the wounds and measured their dimensions (area, 
perimeter, length, and width). The readings obtained for a smaller wound are tabulated in 
Table 4.11 and 4.12. 
Distance 
(cm) 
Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.84 2.9 7 2.01 1.92 
7.72 3.21 7.36 2.16 1.85 
8.34 3.08 7.11 2 2 
9.83 3.25 7.06 2.1 1.97 
10.09 3.42 7.08 2.15 2.02 
11.28 3.33 7.07 1.96 1.96 
12.07 3.24 6.92 2.09 1.93 
13.8 3.36 7.18 2.21 2.03 
14.6 3.38 7.04 2.14 1.95 
15.95 3.4 7.09 2.13 1.91 
16.62 3.34 7.2 2 2 
17.45 3.36 7.02 2.1 2.1 
18.62 3.21 6.79 1.99 1.99 
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19.16 3.4 6.98 2.3 1.79 
20.07 3.01 6.56 1.87 1.87 
 
Table 4.11 Dimensions of Arbitrarily Shaped Emulated Small Wound on Hand 
 
 Area Perimeter Length Width 
Mean  3.26 7.03 2.08 1.95 
Standard Deviation 0.16 0.18 0.11 0.08 
Standard Deviation in 
Percentage 
4.78% 2.60% 5.26% 4.01% 
 
Table 4.12 Mean and Standard Deviation of Arbitrarily Shaped Emulated Smaller Wound 
Dimensions on Hand   
   
 
Figure 4.15 Distance vs Dimensions of Arbitrarily Shaped Small Emulated Wound on 
Hand 
The readings obtained for a larger wound are tabulated in Table 4.13 and 4.14. 
Distance 
(cm) 
Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.84 6.7 10.51 3.01 2.92 
7.72 6.81 10.59 3.19 2.86 
8.34 6.85 10.6 3.12 3 
9.83 7.6 11.18 3.25 3.16 
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10.09 7.25 11.09 3.23 3.1 
11.28 7.59 11.08 3.5 3.03 
12.07 7.13 10.67 3.06 3.06 
13.8 7.49 10.73 3.13 3.13 
14.6 7.66 10.96 3.23 3.18 
15.95 7.6 10.77 3.19 2.98 
16.62 7.76 10.6 3.1 3.1 
17.45 7.75 10.94 3.26 3.03 
18.62 7.22 10.38 3.23 2.98 
19.16 7.43 10.9 3.61 2.89 
20.07 7.32 10.66 3.21 2.95 
 
Table 4.13 Dimensions of Arbitrarily Shaped Emulated Large Wound on Hand 
 
 Area Perimeter Length Width 
Mean  7.34 10.78 3.22 3.02 
Standard Deviation 0.35 0.24 0.16 0.1 
Standard Deviation in 
Percentage 
4.71% 2.19% 4.80% 3.22% 
 
Table 4.14 Mean and Standard Deviation of Arbitrarily Shaped Emulated Large Wound 
Dimensions on Hand 
 
         
Figure 4.16 Distance vs Dimensions of Arbitrarily Shaped Large Wound on Hand 
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It can be observed that the resulted dimensions of both the smaller and bigger arbitrarily 
shaped wound are consistent with the distance as shown in Figure 4.15 and 4.16.  
4.7 Measurement of One Square Emulated Wound on Human Foot  
A black painted 2.5 cm x 2.5 cm paper is glued to the hand as shown in the Figure 
4.17 to emulate the wound and measured its dimensions (area, perimeter, length, and 
width).  
                                    
Figure 4.17 Emulated Square Wound on Human Foot 
                                        
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
7.36 6.21 9.86 2.78 2.5 
8.07 6.15 10.27 2.77 2.58 
7.24 6.09 10 2.7 2.6 
9.08 6.44 10.34 2.72 2.69 
12.95 6.12 9.87 2.7 2.7 
11.7 6.12 10.06 2.79 2.62 
9.93 6.5 10.3 2.76 2.72 
12.85 6.32 10.08 2.76 2.76 
7.02 6.33 9.93 2.73 2.65 
10.88 6.41 10.12 2.8 2.66 
16.46 6.08 9.73 2.8 2.48 
13.17 6.42 10.27 2.91 2.63 
17.86 6.24 10.04 2.95 2.66 
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15.16 6.43 9.7 2.86 2.57 
 
Table 4.15 Dimensions of Emulated Square Wound on Foot 
 
 Area Perimeter Length Width 
Mean 6.28 10.04 2.79 2.63 
Standard Deviation 0.15 0.21 0.07 0.08 
Standard Deviation in 
Percentage 
2.37% 2.06% 2.67% 3.02% 
 
Table 4.16 Mean and Standard Deviation of Emulated Square Wound Dimensions on 
Foot 
 
 
Figure 4.18 Distance vs Dimensions of Emulated Square Wound on Foot 
 
4.8 Measurement of One Square and One Rectangular Emulated Wounds on Foot  
Two black-painted 2.5 cm x 2.5 cm and 2.2 x 2 cm paper are glued to the foot as 
shown in the Figure 4.19 to emulate the wound and measured its dimensions (area, 
perimeter, length, and width).  
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Figure 4.19 Emulated Square and Rectangular Wounds on Foot 
The readings for the smaller wound are recorded in table 4.17 
               
Distance(cm) Area(cm2) Perimeter(cm) Lenght(cm) Width(cm) 
9.75 4.17 8.12 2.29 2.29 
9.8 3.87 7.79 2.21 2.18 
10.01 4.26 8.07 2.27 2.27 
10.12 3.63 7.81 2.14 2.05 
10.47 4.3 8 2.17 2.17 
11.32 4.45 8.27 2.39 2.26 
12.45 3.83 7.49 2.35 1.88 
12.61 4.02 7.65 2.34 2.13 
12.92 3.92 7.43 2.19 1.95 
13.09 3.96 7.53 2.22 1.98 
13.44 4.18 7.94 2.28 2.28 
13.97 3.79 7.57 2.5 1.92 
14.88 4.21 8.06 2.25 2.25 
15.53 4.04 7.52 2.05 2.05 
16.64 4.24 7.95 2.51 2.2 
 
Table 4.17 Dimensions of 2.2 cm x 2 cm Emulated Wound on Foot 
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 Area Perimeter Length Width 
Mean 4.06 7.84 2.28 2.12 
Standard Deviation 0.23 0.27 0.13 0.14 
Standard Deviation in 
Percentage 
5.55% 3.43% 5.56% 6.68% 
 
Table 4.18 Mean and Standard Deviation of 2.2 cm x 2 cm Emulated Wound Dimensions 
on Foot 
 
 
Figure 4.20 Distance vs Dimensions of 2.2 cm x 2cm Emulated Wound on Foot 
The readings of the larger wound are recorded in table 4.19. 
 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
9.75 6.62 10.75 2.83 2.76 
9.8 6.67 10.84 2.9 2.72 
10.01 7.01 10.34 2.83 2.83 
10.12 6.53 10.69 2.82 2.73 
10.47 6.57 9.86 2.76 2.57 
11.32 6.68 10.23 2.78 2.78 
12.45 6.43 9.84 2.82 2.58 
12.61 6.4 10.03 2.89 2.66 
12.92 6.83 10.27 2.96 2.77 
13.09 6.25 10.06 2.91 2.6 
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13.44 6.4 10.12 3.04 2.54 
13.97 6.6 10.05 2.84 2.79 
14.88 6.3 9.68 2.81 2.53 
15.53 6.7 10.59 2.98 2.82 
16.64 6.46 9.76 2.83 2.51 
 
Table 4.19 Dimensions of 2.5 cm x 2.5 cm Emulated Wound on Foot 
 
 Area Perimeter Length Width 
Mean 6.56 10.21 2.87 2.68 
Standard Deviation 0.2 0.37 0.08 0.11 
Standard Deviation in 
Percentage 
3.07% 3.62% 2.74% 4.26% 
 
Table 4.20 Mean and Standard Deviation of 2.5 cm x 2.5 cm Emulated Wound 
Dimensions on Foot    
       
 
Figure 4.21 Distance vs Dimensions of 2.5 cm x 2.5 cm Emulated Wound on Foot 
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4.9 Measurement of Arbitrarily Shaped Emulated Wound on Human Foot  
 
                    
Figure 4.22 Emulated Arbitrarily Shaped Wound on Foot 
An arbitrarily shaped emulated wound glued to the foot as shown in the Figure 4.22 
to emulate the wound and measured its dimensions (area, perimeter, length, and width). 
The readings are tabulated in table 4.21 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.98 3.94 7.72 2.22 2.22 
7.28 3.97 7.86 2.28 2.23 
8.05 3.95 7.63 2.27 2.12 
8.83 4.07 8.06 2.33 2.17 
9.62 3.84 7.84 2.32 2.3 
10.04 4.05 7.65 2.27 2.27 
10.84 3.99 7.68 2.27 2.04 
11.22 3.9 7.48 2.12 2.12 
11.89 3.93 7.47 2.24 2.02 
11.91 4.06 7.54 2.25 2.25 
12.64 4.21 7.66 2.38 2.15 
13.14 4.09 7.62 2.23 2.23 
13.58 3.91 7.57 2.36 2.17 
14.43 4.3 7.98 2.45 2.18 
15.77 3.99 7.53 2.38 2.08 
15.99 4.23 8.31 2.43 2.37 
17.24 4.29 7.77 2.28 2.28 
 
Table 4.21 Dimensions of Arbitrarily Shaped Emulated Wound on Foot 
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 Area Perimeter Length Width 
Mean 4.04 7.73 2.3 2.19 
Standard Deviation 0.14 0.22 0.08 0.09 
Standard Deviation in 
Percentage 
3.47% 2.90% 3.61% 4.31% 
 
Table 4.22 Mean and Standard Deviation of Arbitrarily Shaped Emulated Wound 
Dimensions on Foot 
 
 
Figure 4.23 Distance vs Dimensions of Arbitrarily Shaped Emulated Wound on Foot 
 
4.10 Measurement of Multiple Arbitrarily Shaped Emulated Wounds on Foot  
 
 Two arbitrary shaped emulated wounds of different dimensions are marked on the 
foot as shown in the Figure 4.24 to emulate the wound and measured its dimensions (area, 
perimeter, length, and width). 
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Figure 4.24 Two Arbitrarily Shaped Emulated Wounds on Foot 
The readings for the smaller wound are tabulated in table 4.23 
 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.93 4.27 7.96 2.62 2.09 
7.38 4.42 7.95 2.46 2.27 
8.43 4.34 8.1 2.71 2.07 
9.27 3.88 7.66 2.5 1.98 
10.02 4.13 7.79 2.46 2.08 
11.61 4.13 7.85 2.48 2.17 
12.8 4.58 8.1 2.66 2.17 
13 4.45 7.88 2.7 1.96 
14.15 4.17 7.89 2.45 2.27 
15.81 4.27 7.8 2.32 2.32 
16.28 4.11 7.6 2.39 2.17 
17.18 4.26 7.75 2.59 1.95 
18.88 4.19 7.89 2.27 2.27 
19.5 3.99 7.63 2.34 2.08 
20.86 4.18 7.93 2.23 2.23 
 
Table 4.23 Dimensions of Arbitrarily Shaped Emulated Small Wound on Foot 
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Table 4.24 Mean and Standard Deviation of Arbitrary Shaped Emulated Small Wound 
Dimensions on Foot 
        
 
Figure 4.25 Distance vs Dimensions of Arbitrarily Shaped Small Wound on Foot 
The readings of larger emulated wound are recorded in table 4.25 
 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.93 6.57 10.63 3.56 2.53 
7.38 6.42 10.25 3.4 2.56 
8.43 6.37 10.14 3.82 2.23 
9.27 6.68 10.01 3.31 2.67 
10.02 6.97 10.11 3.59 2.46 
11.61 6.51 10.09 3.73 2.41 
12.8 6.68 10.15 3.07 2.4 
13 6.86 10.54 3.92 2.21 
14.15 6.52 9.94 3.21 2.64 
15.81 6.67 9.84 3.58 2.39 
16.28 6.89 10.13 3.69 2.46 
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6.93 7.38 8.43 9.27 10.02 11.61 12.8 13 14.15 15.81 16.28 17.18 18.88 19.5 20.86
Distance(cm)
Area(cm2) Perimeter(cm) Length(cm) Width(cm)
 Area Perimeter Length Width 
Mean 4.22 7.85 2.48 2.14 
Standard Deviation 0.18 0.15 0.15 0.12 
Standard Deviation in 
Percentage 
4.22% 1.93% 6.17% 5.62% 
69 
 
17.18 6.94 10.15 3.57 2.27 
18.88 6.79 10.11 3.28 2.52 
19.5 6.9 10.05 3.31 2.58 
20.86 6.82 10.29 3.34 2.78 
 
Table 4.25 Dimensions of Arbitrarily Shaped Emulated Large Wound on Foot 
 
 Area Perimeter Length Width 
Mean 6.71 10.16 3.49 2.47 
Standard Deviation 0.19 0.2 0.24 0.16 
Standard Deviation in 
Percentage 
2.90% 2.02% 6.91% 6.58% 
 
Table 4.26 Mean and Standard Deviation of Arbitrarily Shaped Large Emulated Wound 
Dimensions on Foot 
 
Figure 4.26 Distance vs Dimensions of Arbitrarily Shaped Large Wound on Foot 
4.11 Measurement of One Square Emulated Wound on Arm 
A black painted 2 cm x 2 cm paper is glued to the arm as shown in the Figure 4.27 
to emulate the wound and measured its dimensions (area, perimeter, length, and width). 
The readings are tabulated in table 4.27 
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Area(cm2) Perimeter(cm) Length(cm) Width(cm)
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Figure 4.27 Emulated Square Wound on Arm 
 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.28 4.1 8.24 2.13 2.01 
7.19 3.9 7.89 2.17 2.04 
8.86 4.27 8.32 2.34 2.17 
9.36 3.95 7.84 2.23 2.12 
10.79 4.04 8.22 2.31 2.19 
11.31 4.21 7.84 2.35 2.13 
12.1 4.1 8.03 2.28 2.21 
13.74 3.93 7.97 2.26 2.14 
14.23 4.29 8.03 2.38 2.15 
15.72 4.22 8.1 2.33 2.33 
16.14 4.13 8.14 2.44 2.13 
17.2 4.16 8.02 2.36 2.26 
18.47 4.25 8.12 2.37 2.37 
19.09 4.22 7.89 2.32 2.16 
20.69 3.96 7.86 2.21 2.21 
 
Table 4.27 Dimensions of Emulated Square Wound on Arm 
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 Area Perimeter Length Width 
Mean 4.12 8.03 2.3 2.17 
Standard Deviation 0.13 0.15 0.08 0.1 
Standard Deviation in 
Percentage 
3.21% 1.92% 3.69% 4.37% 
 
Table 4.28 Mean and Standard Deviation of Emulated Square Wound Dimensions on 
Arm       
 
Figure 4.28 Distance vs Dimensions of Emulated Square Wound on Arm 
4.12 Measurement of Multiple Square Emulated Wounds on Arm 
 
  
                          
Figure 4.29 Two Emulated Square Wounds on Human Arm 
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Two black-painted papers of dimensions 2 cm x 2 cm and 2.5 cm x 2.5 cm are glued 
to the arm as shown in the Figure 4.29 to emulate the wound and measured its dimensions 
(area, perimeter, length, and width).The readings of smaller wound are recorded in table 
4.29 
 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
7.18 4.33 8.28 2.29 2.23 
8.74 4.04 8.44 2.24 2.2 
9.59 4.32 8.5 2.38 2.23 
10.45 4.16 8.15 2.26 2.23 
11.78 3.95 7.67 2.22 2 
12.68 4.41 8.11 2.39 2.15 
13.44 4.31 8.36 2.39 2.34 
14.22 4.43 8.47 2.54 2.21 
15.68 4.12 7.79 2.07 2.07 
16.51 3.93 7.45 2.18 2.18 
17.69 4.45 7.89 2.34 2 
18.05 4.29 7.94 2.38 2.38 
19.57 4.06 7.84 2.21 2.21 
20.47 4.13 8.19 2.37 2.25 
 
Table 4.29 Dimensions of 2 cm x 2 cm Emulated Wound on Arm 
 
 Area Perimeter Length Width 
Mean 4.21 8.08 2.3 2.19 
Standard Deviation 0.18 0.32 0.12 0.11 
Standard Deviation in 
Percentage 
4.18% 4% 5.11% 5% 
 
Table 4.30 Mean and Standard Deviation of 2 cm x 2 cm Emulated Wound Dimensions 
on Arm 
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Figure 4.30 Distance vs Dimensions of 2 cm x 2cm Emulated Wound on Arm 
The dimensions of the 2.5 cm x 2.5 cm wound is recorded in table 4.31 
 
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
7.18 6.35 10.26 3.01 2.56 
8.74 6.39 10.05 2.9 2.6 
9.59 6.07 9.99 2.81 2.54 
10.45 6.09 10 2.79 2.55 
11.78 6.28 9.89 2.89 2.45 
12.68 6.1 9.75 2.63 2.6 
13.44 6.56 10.39 2.93 2.75 
14.22 6.33 9.7 2.95 2.68 
15.68 6.44 10.03 2.96 2.66 
16.51 6.6 10.02 3.05 2.76 
17.69 6.4 9.98 2.67 2.67 
18.05 6.38 9.99 3.06 2.64 
19.57 6.5 9.75 2.94 2.58 
20.47 6.57 10.21 2.99 2.72 
 
Table 4.31 Dimensions of 2.5 cm x 2.5 cm Emulated Wound on Arm 
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 Area Perimeter Length Width 
Mean 6.36 10 2.9 2.63 
Standard Deviation 0.18 0.2 0.13 0.09 
Standard Deviation in 
Percentage 
2.77% 1.95% 4.52% 3.35% 
 
Table 4.32 Mean and Standard Deviation of 2.5 cm x 2.5 cm Emulated Wound 
Dimensions on Arm 
 
Figure 4.31 Distance vs Dimensions of 2.5 cm x 2.5 cm Emulated Wound on Arm 
 
4.13 Measurement of Arbitrarily Shaped Emulated Wound on Arm 
 
           
Figure 4.32 Emulated Arbitrarily Shaped Wound on Arm 
0
2
4
6
8
10
12
7.18 8.74 9.59 10.45 11.78 12.68 13.44 14.22 15.68 16.51 17.69 18.05 19.57 20.47
Distance(cm)Area(cm2) Perimeter(cm) Length(cm) Width(cm)
75 
 
 An arbitrarily shaped wound is painted on the arm using the marker as shown in 
Figure 4.32 to emulate the wound and to measure its dimensions. The readings tabulated 
in table 4.33 are recorded changing distance of the camera from the wound.       
             
Distance(cm) Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
6.92 5.47 10.43 3.83 1.91 
7.74 5.45 10.66 3.77 2.07 
8.61 5.69 10.75 4.01 1.94 
9.02 5.98 10.79 4.06 1.94 
10.73 5.97 10.47 3.98 1.99 
11.7 5.94 10.91 4.16 1.99 
12.87 6.11 10.5 3.89 2.1 
13.98 6.12 11.24 4.01 2.06 
14.73 5.83 10.34 4.05 1.93 
15.15 5.89 11.04 4.12 1.91 
16.06 5.92 10.42 4 1.94 
17.25 5.93 10.08 3.93 2.04 
18.32 5.86 10.3 3.87 2.01 
19.24 6 10.31 3.83 2.01 
20.65 6.23 10.51 3.78 2.02 
 
     Table 4.33 Dimensions of Arbitrarily Shaped Emulated Wound on Arm 
 
                 Area Perimeter Length Width 
Mean 5.89 10.58 3.95 1.99 
Standard Deviation 0.22 0.31 0.12 0.06 
Standard Deviation in 
Percentage 
3.69% 2.95% 3.95% 3.05% 
 
Table 4.34 Mean and Standard Deviation of Arbitrarily Shaped Emulated Wound 
Dimensions on Arm       
76 
 
     
 
Figure 4.33 Distance vs Dimensions of Arbitrarily Shaped Wound on Arm 
 
4.14 Measurement of Multiple Arbitrarily Shaped Emulated Wounds on Arm 
 Two arbitrarily shaped wounds are painted on the arm using the marker as shown 
in Figure 4.34 to emulate the wounds and to measure their dimensions.  
                      
Figure 4.34 Two Arbitrarily Shaped Emulated Wounds on Arm 
 The dimensions of smaller wound are recorded changing distance of camera from 
wound and tabulated in table 4.35 
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Distance(cm)   Area(cm2) Perimeter(cm) Length(cm) Width(cm) 
7.45 3.9 8.56 3.37 1.65 
8.68 4.19 8.45 3.28 1.72 
9.94 3.85 8.26 3.23 1.68 
10.55 4.24 8.32 3.19 1.79 
11.85 4.52 9.03 3.58 1.79 
12.38 4.26 8.64 3.4 1.77 
13.89 4.19 8.64 3.43 1.72 
14.23 4.21 8.69 3.36 1.8 
15.56 4.53 8.92 2.91 1.95 
16.54 4.04 8.34 3.43 1.77 
17.96 4.59 8.86 3.45 1.89 
18.2 4.48 8.69 3.43 1.72 
19.49 4.6 8.88 3.29 1.79 
20.45 4.32 8.67 3.47 1.7 
 
Table 4.35 Dimensions of Arbitrarily Shaped Emulated Small Wound on Arm 
 
 Area Perimeter Length Width 
Mean 4.28 8.64 3.34 1.77 
Standard Deviation 0.24 0.34 0.16 0.08 
Standard Deviation in Percentage 5.69% 2.73% 4.84% 4.54% 
 
Table 4.36 Mean and Standard Deviation of Arbitrarily Shaped Small Emulated Wound         
         
 
Figure 4.35 Distance vs Dimensions of Arbitrarily Shaped Small Wound on Arm 
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 The dimensions of larger wound are recorded changing distance of camera from 
wound and tabulated in table 4.20 
Distance(cm) Area(c2) Perimeter(cm Length(cm) Width(cm) 
7.45 5.45 11.31 3.96 1.9 
8.68 5.67 10.97 3.94 1.78 
9.94 6.18 10.82 4.08 2.04 
10.55 6.2 11.09 4.18 1.96 
11.85 6.15 10.79 4.1 2 
12.38 6.14 10.48 3.93 2 
13.89 6.18 10.65 3.99 1.88 
14.23 6.16 10.97 4.02 2.08 
15.56 5.95 11 3.94 2.06 
16.54 6.57 11.25 4.3 2.09 
17.96 6.26 10.69 3.96 2.09 
18.2 5.84 10.44 3.84 2 
19.49 5.88 10.13 3.81 2.08 
20.45 6.03 10.31 3.87 2.15 
 
Table 4.37 Dimensions of Arbitrarily Shaped Emulated Large Wound on Arm 
 
 Area Perimeter Length Width 
Mean 6.05 10.78 3.99 2.01 
Standard Deviation 0.28 0.35 0.13 0.1 
Standard Deviation in Percentage 4.56% 3.25% 3.35% 4.98% 
 
Table 4.38 Mean and Standard Deviation of Arbitrarily Shaped Emulated Large Wound 
Dimensions on Arm 
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Figure 4.36 Distance vs Dimensions of Arbitrarily Shaped Large Wound on Arm 
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CHAPTER 5: CONCLUSION AND FUTURE WORK 
 
In this project, we have proposed a new approach to measuring dimensions (Area, 
Perimeter, Length, and Width) of the wound using digital photometry. We have used a 
stereo infrared imaging device to capture images. Since we don’t have access to patient’s 
real wound we used a marker to emulated wound on user body. The system automatically 
detects wounds inside the image and highlights them in the user interface. We used the 
stereo geometry digital technique to estimate the distance of a wound from the imaging 
device to eliminate the need to measure from a particular distance. To verify the same we 
built a prototype system and our experiments have shown consistent results. The 
measurements of wound dimensions are independent of distance with an accuracy of 95% 
approximately.  
In future, it can be extended to measure depth and volume of the wound. Also, 
various types of tissues and their density at different stages of the wound can be identified 
and provide functional analysis to assess healing process. Abnormality of tissues hidden 
under the skin and pressure-caused wounds can also be detected. Augmented reality based 
wound analysis can be designed which makes use of full 3D virtual human body model 
with anatomical and functional details. Wound developing and healing prediction can be 
provided based on functional analysis through the body simulator with real measurements 
data from each reading.    
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